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SUPPLEMENTARY METHODS
Control analyses

Effects of demographics. We assessed the effects of motion on our results by performing group comparisons of each subject's average FD after censoring and trimming and correlation analyses of the average FD after motion censoring and trimming versus the network measures for each of the groups. Since there were marginal groups differences in age, we assessed the effects of age on connectivity matrix by obtaining correlation coefficients between age and connectivity strengths across participants for each element of the connectivity matrix. Further, to assess potential effects of age on the efficiency measures (Achard & Bullmore, 2007), we performed correlation analyses of age versus the efficiency measures for each of the groups. We also assessed potential, residual effects of PTSD symptom severity on the efficiency measures by performing a correlation analysis of the PCL-S scores versus the efficiency measures for the TBI group. Due to a wide-range of post-injury times in the TBI participants, we also performed correlation analyses of post-injury time versus the efficiency measures for the TBI group.

Neuropsychological deficits in the TBI group. We assessed whether the TBI group had 'overall' deficits in the 25 neuropsychological measures (all the measures listed in Table 3 except current and premorbid IQ and the satisfaction with life scale) in the following manner. First, we defined that a TBI participant had a relative 'abnormality' in a neuropsychological measure if the given measure fell outside the two-standard-deviation-band compared to the mean of the controls (either above for the color-word and the trail making tests or below for the other measures). We then counted the number of relative 'abnormalities' in neuropsychological measures for each of the TBI participants. Lastly, we performed a one-sided Fisher's exact test to evaluate the number of TBI participants with relatively 'abnormal' neuropsychological performance in more than two measures versus the number expected by chance. The expected distribution of the number of TBI participants with relatively 'abnormal' neuropsychological performance is a binomial distribution with the probability that one neuropsychological measure shows 'abnormality' (either upper or lower tail of the normal distribution, i.e., p≈0.025). See Han et al. (2014) and Mac Donald et al. (2011) for details of this statistical procedure. To assess whether the presence of deficits in the neuropsychological measures in the TBI participants affected our findings, we compared the global and local efficiency of the TBI participants showing deficits in any of the 25 neuropsychological measures with those of TBI participants without any deficits.

Effects of estimated initial injury severity. Since initial injury severity of the TBI individuals ranged across probable mild, moderate and severe (see Discussion for the limitations regarding a mixture of TBI individuals with different estimated initial injury severity), we identified if there were any systematic effects of estimated initial injury severity on our findings as follows. First, we assessed the BDI-II and PCL-S total scores, six neuropsychological measures that showed noticeable group differences at p<0.1 (Table 3), and the global and local efficiency of the TBI individuals according to estimated initial injury severity. Next, we performed the NBS analysis with probable mild TBI individuals only (N=31). Further, we performed group connectivity matrix analyses by excluding nine (out of 31) probable mild TBI participants to match the sample size for the newly formed TBI group with that of the participants with probable mild TBI only. The goal of this analysis was to test whether the probable moderate and severe TBI participants contributed more to the connectivity differences than the probable mild TBI participants. To achieve this goal, we utilized a resampling method (10,000 instances of resampled groups) conceptually similar to the procedure described in Han & Talavage (2011). At each instance of the resampled groups, we performed group analyses of the connectivity matrices of a resampled TBI group and that of the healthy controls. Subsequently, we defined the magnitude of statistically significant group differences in connectivity by taking average absolute values of Z-statistics for the group comparison test over the connections with |Z|>2.58. We then assessed whether the magnitude of statistically significant group differences in connectivity for the probable mild TBI only group and the healthy control group fell outside the intervals of the 2.5th to the 97.5th percentiles (similar to 95% confidence intervals) for group differences, obtained from 10,000 resampled groups.

Effect of depressive symptoms. According to the BDI manual (Beck, Steer, & Brown, 1996), we first subdivided the TBI participants into two groups: a TBI with minimal depressive symptoms group (N=17; BDI<=13) and a TBI with mild to severe depressive symptom group (N=23; BDI>13). Next, we performed the NBS analysis with TBI individuals with minimal depressive symptoms only. Similar to the resampling analysis for the effects of estimated initial injury severity, we then performed group connectivity matrix analyses by selecting 17 (out of 23) TBI individuals with mild-to-severe depressive symptoms to match the sample size for the newly formed TBI group with that of the participants with TBI individuals with minimal depressive symptoms. Subsequently, we defined the magnitude of statistically significant group differences in connectivity by taking average absolute values of Z-statistics for the group comparison test over the connections with |Z|>1.96. We then assessed whether the magnitude of statistically significant group differences in connectivity for the TBI with minimal depressive symptoms group and the healthy control group fell outside the intervals of the 2.5th to the 97.5th percentiles (similar to 95% confidence intervals) for group differences, obtained from 10,000 resampled groups. Note that, in these NBS analyses, we did not incorporate the within-centered BDI-II scores covariates, which could retain potential effects of depressive symptoms on connectivity and increase group differences in connectivity. Lastly, we compared connectivity matrices, the global and local efficiency of the TBI participants with minimal depressive symptoms with those of TBI participants with mild to severe depressive symptoms.

Effects of a mixture of civilians and veterans with TBI. We first performed the NBS analysis with civilians with TBI only (N=22). Similar to the resampling analysis for the effects of estimated initial injury severity, we then performed group connectivity matrix analyses by excluding 18 (out of 22) civilians with TBI from the full TBI sample to match the sample size for the newly formed TBI group with that of the participants with TBI individuals with minimal depressive symptoms. Subsequently, we defined the magnitude of statistically significant group differences in connectivity by taking average absolute values of Z-statistics for the group comparison test over the connections with |Z|>1.96. We then assessed whether the magnitude of statistically significant group differences in connectivity for the civilian TBI only and the healthy control group fell outside the intervals of the 2.5th to the 97.5th percentiles (similar to 95% confidence intervals) for group differences, obtained from 10,000 resampled groups. Lastly, we compared connectivity matrices, the global and local efficiency of the veteran TBI group with those of the civilian TBI group.

Whole-brain volumes. To ascertain whether there were group differences in whole-brain volumes, whole-brain volumes were estimated using the SIENAX (Smith et al., 2002), within FSL software (Smith et al., 2004) then group comparisons were made controlling for age.


Sustained DAIs. To calculate DTI measures, we acquired diffusion-weighted volumes with gradients in 30 non-colinear directions with b value = 1000 s/mm2 and one b0 volume (TR/TE=4410/51ms, FA=90°, FOV=22.4x22.4cm; matrix=128x128; 50 slices, 2.0mm thick with 1.0 mm gap) from the 39 TBI individuals and 17 healthy controls in the same imaging session when these participants underwent resting-state fMRI and structural MRI scans. We then performed standard preprocessing procedures comprising of brain extraction and eddy-current correction and calculated fractional anisotropy (FA), using FSL software (Smith et al., 2004). The obtained FA values were analyzed using tract-based spatial statistic (TBSS; Smith et al., 2006) with the FMRIB58 FA template and a skeleton threshold of 0.2. For group comparisons, we conducted permutation test on skeletonized FA images using randomize with threshold-free cluster enhancement and 5000 permutations (Nichols & Holmes, 2001; Smith & Nichols, 2009). We then applied a thresholded of p<0.05 on the results to correct for multiple comparisons.

Effects of an initial threshold level on NBS. The effects of an initial threshold level for connectivity matrices on NBS results was assessed by applying additional threshold levels at |Z|>1.96 (p<0.05) and |Z|>2.81 (p<0.005), respectively.

Partial correlation. We further obtained a partial correlation for each pair of the regions, regressing out only positively correlated time-series from the other regions as in Spreng et al. (2013).

Effects of global signal regression. To identify the effects of global signal regression on our results, we additionally preprocessed our data without global signal regression and constructed connectivity matrices. Group analyses of the network measures were then performed.

Effects of short distance nodes. We performed the NBS analysis while retaining connectivity strengths between short distance nodes to identify whether our procedures introduced bias in our findings on disruptions in long-range connections.
SUPPLEMENTARY RESULTS

Control analysis results

Effects of estimated initial injury severity. There were no systematic effects of estimated initial injury severity on the TBI participants' BDI-II or PCL-S total scores, six selected neuropsychological measures, or global or local efficiency (Fig. S4). NBS analyses with mild TBI individuals only (Fig. S5A) essentially replicated the disruption patterns of the full TBI group that included all initial injury severity levels in Fig. 2. Again, NBS analyses with the resampled TBI sub-group, whose overall magnitude of statistically significant group differences in connectivity matrices corresponded to the median value among those of the entire resampled pool, essentially replicated the disruption patterns of the full TBI group (Fig S5B). The overall magnitude of statistically significant group differences in the connectivity matrices of the probable mild TBI sub-group versus the control group did not fall outside the 2.5th-to-97.5th percentile intervals of group differences obtained from 10,000 resampled groups. This suggests that there were no “significant” effects of estimated initial injury severity on the overall amount of statistically significant group differences in connectivity matrices.

Effect of depressive symptoms. NBS analyses with TBI individuals with minimal depressive symptoms (Fig. S6A) essentially replicated the disruption patterns of the full TBI group shown in Fig. 2. NBS analyses with the resampled TBI with depressive symptoms sub-group, essentially replicated the disruption patterns of the full TBI group (Fig S6B). The overall magnitude of statistically significant group differences in the connectivity matrices of the TBI with minimal depressive symptom group versus the control group fell within the 2.5th-to-97.5th percentile intervals of group differences obtained from 10,000 resampled groups. TBI with minimal depressive symptoms group and TBI with mild-to-severe depressive symptoms group did not show statistically significant group differences in connectivity matrices (pNBS>0.1) or efficiency measures (p>0.1) at network costs that were applied for the analyses with the full TBI sample.

Effects of a mixture of civilians and veterans with TBI. NBS analyses with 18 civilians with TBI (Fig. S7A) essentially replicated the disruption patterns of the full TBI group that included all spectrum depressive symptoms severity in Fig. 2. NBS analyses with the resampled TBI sub-group (18 veterans plus 4 civilians), essentially replicated the disruption patterns of the full TBI group (Fig S7B). The overall magnitude of statistically significant group differences in the connectivity matrices of the civilian TBI group versus the control group fell within the 2.5th-to-97.5th percentile intervals of group differences obtained from 10,000 resampled groups. The civilian TBI and resampled TBI groups did not show statistically significant group differences in connectivity matrices (pNBS>0.1) or efficiency measures (p>0.1) at network costs that were applied for the analyses with the full TBI sample.
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SUPPLEMENTARY FIGURE LEGENDS

Fig. S1. Average framewise displacement (FD) of each participant after motion censoring and trimming versus the average global (A) and local (B) efficiency at network costs of 0.12 and 0.15, respectively. The r-values are the Pearson correlation coefficients.
Fig. S2. Age (A), PCL-S (B) and post-injury time (C) of each participant versus the average global efficiency at network cost of 0.12, and age (D), PCL-S (E) and post-injury time (F) of each participant versus the average local efficiency at network cost of 0.15. The ρ-and r-values are the Spearman and Pearson correlation coefficients, respectively.
Fig. S3. Bar graph for observed and expected number of TBI individuals with ‘abnormally’ poor performance in neuropsychological tests relative to the controls (A), and scatter plots for global (B) and local efficiency (C) of TBI individuals with deficits in any of the 25 neuropsychological measures versus TBI individuals without any deficits in the 25 neuropsychological measures at network costs of 0.12 and 0.15, respectively. The 25 neuropsychological measures refer to all of the measures listed in Table 3 except current and premorbid IQs and the satisfaction with life scale. See Fig. 4 for the details of the scatter plots.
Fig. S4. Scatter plots for the BDI-II total (A), the PCL-S total (B), two sub-sets of the Color-Word Inference test (C-D), two sub-sets of the Card Sorting test (E-F), a sub-set of the Trail Making test (G), the Satisfaction with Life Scale (H), the global efficiency at the network cost of 0.12 (I) and the local efficiency at the network cost of 0.15 (J) of the TBI group according to estimated initial injury severity. The neuropsychological measures (C-H) were selected based on statistical significance of group comparisons with the controls (p<0.1) in Table 3.
Fig. S5. An anatomical view of relatively reduced connectivity of the TBI subgroup comprising of individuals with probable mild TBI only (A) and one instance of resampled group by removing the nine probable mild TBI participants from the original TBI group (B) at |Z| > 2.58, pNBS<0.05. The average absolute value of Z-statistics for the group comparisons over the connections whose |Z| > 2.58 of the selected, resampled group corresponds to the median among those of the entire 10,000 resampled pool.
Fig. S6. An anatomical view of relatively reduced connectivity of the TBI subgroup comprising of TBI individuals with minimal depressive symptoms only (A) and one instance of resampled group by selecting the same number of TBI individuals with mild-to-severe depressive symptoms from the original TBI group (B) at |Z| > 1.96, pNBS<0.1. The average absolute value of Z-statistics for the group comparisons over the connections whose |Z| > 1.96 of the selected, resampled group corresponds to the median among those of the entire 10,000 resampled pool.
Fig. S7. An anatomical view of relatively reduced connectivity of the TBI subgroup comprising of individuals with civilian TBI only (A) and one instance of resampled group by removing the 18 civilians with TBI from the original TBI group (B) at |Z| > 1.96, pNBS<0.05. The average absolute value of Z-statistics for the group comparisons over the connections whose |Z| > 1.96 of the selected, resampled group corresponds to the median among those of the entire 10,000 resampled pool.
Fig. S8. Group comparisons of fractional anisotropy using tract-based spatial statistics (pcorr <0.05 with threshold-free cluster enhancement). The green lines are the skeletonized tracts drawn on the mean FA images obtained by averaging all FA maps registered to the FA template in the MNI 152 space. atr, anterior thalamic radiation; cc: corpus callosum (body); cst, corticospinal tract; fmj, forceps major; fmn, forceps minor; ifof, inferior fronto-occipital fasciculus; ilf, inferior longitudinal fasciculus; slf, superior longitudinal fasciculus; slft, superior longitudinal fasciculus (temporal).
Fig. S9. An anatomical view of reduced connectivity in TBI relative to the controls at |Z|>1.96 (A) and |Z|>2.81 (B). The left side is the left hemisphere.
Fig. S10. Group comparisons of average connectivity matrices based on partial correlation coefficients. (A): Average connectivity of the TBI group. (B): Average connectivity of the control group. (C): Histogram for Z-statistics of group comparisons on average connectivity. (D) Thresholded Z-statistic map for group comparisons (pNBS<0.05 at |Z|>1.96). Colorbars in (A) and (B) represent Fisher's Z-transformed correlation coefficients.
Fig. S11. An anatomical view of reduced (A) and elevated (B) connectivity in TBI relative to the controls (pNBS<0.05 at |Z|>1.96) based on partial correlation coefficients. The left side is the left hemisphere.
Fig. S12. Global, local and cost efficiency of the TBI group and the controls without global signal regression. (A)-(C): Average global, local and cost efficiency as a function of network cost, respectively. Note that, to reliably perform group analyses, we limited ranges of network cost (from 0.01 to 0.44 in step size of 0.01) to include N≥5 per group. (D), (E): Scatter plots for global and local efficiency at network costs of 0.12 and 0.16, respectively. See Fig. 4 for the details of the scatter plots.
Fig. S13. The number of reduced connections in TBI relative to the controls (thresholded at |Z|

>1.96, pNBS<0.05) by distance between nodes while retaining connectivity strengths between short distance nodes (< 20 mm).
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